Companies are moving towards a more collaborative and open perspective for interaction between different partners. Based on the strong dependence between the company and its information system, Collaborative information systems (CIS) have been growing and gaining substance in technological infrastructure and application areas. They involve large networks of information systems that manage large amounts of information and computing services and cooperate to fulfill their mission. In the last few years, one promising source of ideas for designing collaborative information systems is the field of System of Systems. They appear to be more flexible, modular, and robust than traditional. The main theme presented in this paper is the modelling of collaborative information systems.
Introduction
Companies are in perpetual evolution in order to cope with a changing environment. To remain agile and competitive, companies are required to make fundamental changes to their organization and to be more open to their environment in order to take advantage of new opportunities [1] . In fact, Information technologies and the World Wide Web are changing the way business enterprises work [2] .Thus, working together for a company, is today becoming an essential economic imperative to survive a competition increasingly difficult. The quality and the potential of collaborations become a determining factor in assessing their survivability [3] . As a result, companies tend to network and build partnerships to improve their responsiveness [4] . Any company can have one or more information systems (IS) to describe their business model and facilitate decision-making, coordination and control [5] , [6] . Undoubtedly, the collaboration of companies impacts necessarily their information systems. That's why information systems have experienced a new wave of development. They evolve from a highly segregated organization, where each organizational entity manages its IS independently, to a more open organization, where many IS exchange continually [7] while taking into account technological changes and envisaged strategy. The challenge of such an information system is that of developing the same capacity, creativity, and competence to work efficiently and effectively with partners across the boundaries of time, space, culture and the same complex challenges inherent in working with other human beings in the ever-changing external and internal landscape [8] , [9] .
Collaboration can be defined as a process in which entities share information, resources and responsibilities to achieve a common goal [10] . It can be seen as a shared creation process. It involves the sharing of risks, resources, responsibilities and rewards [11] . It is a grouping of partners distributed in space and time. The collaboration of the different stakeholders allows to achieve a common objective or to respond to an opportunity in the market [12] . In our context, we are interested to the collaboration among information systems because the integration of different partners greatly depends on the ability of their Information Systems to interact effectively. So, Collaborative Information System presents a set of information systems that work together to achieve a common global goal. Ensuring a dynamic and reactive CIS with several heterogeneous partners is a really subtle mission because [12] :
 Partners involved in the collaboration, come with their own processes, services, semantics and a given data format. Each of them wishes to preserve its functional autonomy and technical architecture, and exhibits the only skills [process, services, and data] that it would like to share with the outside,  Organizations should be able to integrate or leave the collaboration in a simple way and with less effort.
 The partnership should tolerate evolutions and changes in activities and /or priorities. Thus, our work proposes a new modeling approach of CIS which focuses on detecting potential collaborative partners in an IS network according to the characteristics and objectives of the collaboration.
Related Works

Collaborative Networks
According to the literature [13] , [14] , collaboration can be qualified through several key elements such as: (1)  Objective: describes why collaboration is established in terms of products or services to be offered.
 Partner: it can be a organization, person or information system that participates in the collaboration.
 Relationship: describes the implementation of the strategy among partners.
 Collaboration Network (CN): refers to a group or set of partners that exchanges products or services through collaboration to achieve a common goal. The establishment of a collaboration necessarily leads to the establishment of a collaborative network. The definition given by [14] , [15] refers to a collaborative network as an alliance of a variety of autonomous entities, and heterogeneous in terms of environment, culture, social capital and objectives, but which collaborate to better achieve common objectives and whose interactions are supported by a computer network. According to [16] , the collaborative network is a network of entities working together to achieve a common goal, taking into account certain parameters (cost, time, quality) and using ICT. It emphasizes shared capacities and resources (services, data, infrastructure) based on communication and information exchange [17] . Collaborative networks are manifested in a wide variety of forms, including extended enterprises, virtual enterprises, dynamic supply chains, collaborative virtual laboratories, etc [18] , [19] . Most forms of collaborative networks involve a sort of organization on the objectives and participants by identifying the role of each participant and some rules of governance. A network can be defined as proposed by [20] depending on the components that constitute it. A network is a set of nodes and links between these nodes. The components of a network are: (1) node presents a participant in the collaboration, it can be an individual, a department, a department, a company, etc. Each node has its own characteristics and (2) links that determine how the different nodes are interconnected and interact. In terms of topology, three configurations of collaboration networks are treated in the literature [18] , [19] , [21] :
 Chain topology, the case of supply chains in enterprises. It presents an interaction model where partners are connected in the right order according to the direction of transfer of resources.
has the decision-making authority and coordinates the tasks. He can lead and modify the whole network according to his strategies, his skills, and political power.
 Point-to-point topology in which there is no dominant member it is not only a kind of point-to-point interaction, but also a more general form of collaboration involving several partners, or even all of them . It is characterized by the absence of hierarchy. Management skills are distributed in the members and the decision-making power is equal for all members.
Collaborative Information System
The concept of the collaborative information system can be defined as a set of IS partners that can be heterogeneous and distributed. It is based on the use of web services [12] . It presents a system that enables the coordination of the activities of several partners and the execution of collaborative processes [22] - [24] . Considerable research efforts has tried to offer many approaches for CIS modeling. These works mainly focused on static dimension of collaboration. Some researchers [24] , [25] have proposed a CIS meta-model based on service-oriented architectures and which is derived from a collaborative process model that seen as a provider of collaborative knowledge. The basic element of this meta-model is the mediator. This meta-model is divided into three views: (1) services view : consists of the services that are used in the collaboration and descriptions of partners and their services, (2) informations view : presents data exchanged between services, and (3) process view : describes the interaction between the service view and the process view and it deals with a specification of the orchestration of services in the collaborative process.
The meta-model proposed in the work [12] present a meta-model of collaborative information systems on demand where partners have heterogeneous and distributed information systems. This meta-model consists of three sub meta models which are: (1) the Opportunity metamodel: describes the opportunity that prompted the initiating organization of the collaborative project. This gives rise to several projects and missions that will be carried out through one or more activities, (2) the IS meta-model : describes the different components of the information system, and (3) the Processing System meta-model : brings together the services exhibited by partners involved in collaborative projects, as well as mediation services useful for collaboration.
In addition, as part of the "ISyCri" project (Interoperability of System in Crisis Situation), the proposed meta-model [25] consists of three subsystems: the first (Crisis Characterization) contains the description of the crisis, the second (Studied System) presents the events, risks, indicators.... and the last (Treatment System) corresponds to the collaborative information system. The latter describes the collaboration between different actors via services. It also contains the description of the collaborative process.
CIS Characterization
The Proposed CIS Meta-Model
In our approach, a CIS is a set of collaborative of networks of IS, which have the point-to-point typology, able to satisfy the requirements of a collective. Its architectural structure rests on a key functional component that is services. A CIS is composed of a set of IS. This information system can be defined using service-based architectures in order to guarantee the desired flexibility and agility. Service-Oriented Architectures (SOA) provide an approach to IS design and development. They make it possible to rapidly design business models in professional environments. In addition, they make their implementation possible thanks to web 2.0 technology. Service-based information systems present a global, structured and accessible information system which composed of a set of shared services. This vision offers many advantages in terms of complexity and flexibility. The main objective of a service-oriented architecture is to break down an information system into a set of basic functions called "services". In this sense, the CIS is perceived as a collaborative solution that implements SOA concepts. In fact, CIS can be considered as composed of collaborative networks of IS and the different services of the partners. The components of the meta-model are: (1) CN: is a set of IS partner involved in a collaboration, (2) IS: is an information system participating in a collaboration. It consists of a set of services, (3) Service: is exhibited by an IS participating in the collaboration, (3) Objective: describes a result desired by the collaboration and realized by one or more services, (4) Criterion: result of the collaboration objective and with which the resulting collaborations will be evaluated, (5) Evaluation model: allows to measure the expected performance for each capacity and (6) Capacity: details the value of an operational capacity owned by each entity. The proposed meta-model is illustrated by Fig. 1 . Fig. 1 . The proposed CIS meta-model.
Hypergraphs for CIS Modeling
In our research we are interested to the field of System of Systems. In fact, the concept of SoS (System Of Systems) has been used in many fields like: defense, medical and healthcare, robotics, transportation and many more [26] - [28] . The concept of SoS was introduced in 90s. It can be defined as a set of collaboratively integrated systems. The main characteristics of an SOS are five: operational independence (SoS is composed of systems that are independent and useful in their own right), managerial independence (these systems are generally individually acquired, serve an independently useful purpose, and often maintain a continuing operational existence that is independent of the larger system of systems), geographical distribution, emergent behavior (SoS performs functions and carries out purposes that may not reside uniquely in any of the individual constituent systems) and evolutionary development. So, a system can be considered as a SoS if: (1) the system can be broken down into subsystems (components systems) operating independently, (2) to accomplish a goal or mission, the SOS need not necessarily all of its components, and (3) there is a standard of communication between its components. CIS satisfy the criteria of the SOS already mentioned, so we can consider the CIS as SOS in our approach. In this paper, we represent CIS as hypergraphs, since this formalism considers the collaboration between components. By analogy to SoS, hypergraph is a suitable tool for modeling these systems and their interconnections [27] . An hypergraph is a generalization of a graph whose elements (simple or hyper elements) are interconnected by relation. An hypergraph H is a pair (S, E) such that:
 S = {S 1 , S 2 , …., S n } is a non-empty finite set of vertices of H ;  E = {E1, E2, ….., Em} ⊆ is a set of non-empty subsets of representing hyperedges H, with .
We note the set set of non-empty subsets of S containing at least one and at most n element. As part of the experimentation of our approach, we developed a framework "HPER-SIC" for CIS modeling using the PHP5 language, the CSS Bootsrap framework and the jQuery library. This framework is composed of two parts (Editor and generator). Our use case will be applied to Tunisian University System. The first
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step is to use the editor tool in order to load necessary data for the framework (set of services offered, evaluation models and set goals with the required services). Once we have introduced necessary data, we can then generate the hypergraph of collaborative networks that compose our CIS. Finally, we can generate the SIC map using a multi-level representation as shown in the Fig. 3 .
Evaluation of the Proposed Meta-Model
Our aim here is to ascertain the relevance of the proposed model of CIS in our approach. We propose to evaluate our meta-model in relation to other works according to the following criteria [29] : (1) rise of abstraction, (2) broadening of the space of expression and (3) specificity of the model to a given domain. The Table 1 resume the evaluation of the overall approach according to the criteria already mentioned: 
Concluding Remarks and Future Research
This paper presents a new approach for modeling Collaborative Information Systems. In this approach, we have well formalized the CIS concept, which is based on collaborative networks and service-oriented architectures, and implemented a generic model with its modeling framework. Then, this approach was applied to the concrete case of the SINUS system which concerns the collaborative information system of higher education. For future research we intend, in the one hand, to extend our framework to support services orchestration and to generate functional map of CIS for decision-makers. In the other hand, we are exploring cloud computing for the deployment of CIS services.
